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1 .  INTRODUCT ION 
I n  anten na theo ry and p ract ice, an i n c reased d i rect iv i ty of the 
ante n na i mp roves the  total s ys tem pe rfo rman ce . Narrow beamwi dth 
a l l ows d i s c r im i nat i ng  ( on recept i o n  ) agai n st i nte rfe r i n g  s i g na l s f rom 
d i rect ion s othe r  than that of the des i red s i g nal s, and on  tran s m i s s i o n  
i t  m i n i m i zes i nte rference w i th rece i v i n g  stat io n s  other than the 
des i red d i rect ion . 
S harp d i rect i v i ty, however, i s  u n des i rab l e  i n  some app l i cat i on s . 
For examp le, i n  ente rtai nment  b roadcast i ng  and i n  ce rtai n forms of 
comm u n i cat ion  an omn id i rect i ona l h o r i zontal  patte rn i s  requ i red . 
F u rthe rmore, th ree- d i men s ional  om n i d i rect ional i ty may be des i red i n  
u n stab i l i zed - s pacec raft app l i cat io n s {8} . 
Omn id i rect ional i ty i n  a ho r i zo nta l  p lane i s  fai r ly  s i mp l e  to 
obtai n .  I n  th i s  paper, two cros s ed s mal l loops w ith a quad rat u re 
com b i n e r  are exam i ned . The def i n i t i o n  an d p ri n c i p l e  of t r u e  om n i -
recept ion  
n etwo rks 
are g i ven i n  C hapte r 2. Fo r many  years, LC latt ice 
and hyb r i d  comb i ne rs have been adopted to ach i eve  
om n id i rect ional w ide-band recept i on . The con ceptual  d iag ram of a 
con vent ional commercia l  comb i n e r  i s  g i ven, and an  ·analys i s  of i t s  
powe r t ran sfer  characte r i st ics i s  con d ucted i n  Chapter 3 .  Some 
mod i f i ed vers ion s  of  omn i - recept i o n  system are then s uggested and  
d i s c u s s ed i n  detai l .  The p ro posed combi ner  p roves to  be  more 
. 2 
efficient  tha n the conventiona l o n e. A comparison of the two sys tems 
is a l so given in Chapte r 4. 
The p roposed system con s i sts of two mai n  parts, ban dpass 
f i l te rs an d latt i ce netwo rks . The g e n e ral  backg rou n d  of f i l te r d es i g n  
i s  p resented i n  Chapter 5 ,  fo l l owed b y  a descr ipt ion  of l att i ce 
n etwork des i g n  tech n ique . Then t h e  p rocesses app l i ed to d es i g n  
des i red c i rcu i ts are e x p la i n ed i n  Chapte r 5. PCAP p rog rams a re 
i n t rod u ced to test the  des i g n ed c i rcu i t and a re i n c l u ded i n  t h e  
Appendi ces . Oth er  pos s i b l e  app l i cat i on s of omn i-systems a re 
s u ggested and  d i scu s sed b r i ef l y  at t h e  e n d  of the  C hapter 5 .  
I n  conc l u s ion , t he  s ummary of thi s paper and  some s u ggest ion s  
fo r fu rth e r  stu d i es are g iven . 
. 3. 
2. OMN I -R E C E PTION P R I NC I PLE 
The rad iat ion patte rn  of two s mal l vert ical l oop anten nas, w h ich  
are pe rpen d icu lar  to each ot h e r ,  can be made near ly  c i rc u lar  i n  t h e  
h o r i zontal  p lane{ 1 } .  S i nce t h ey a l ready have a ci rcular  e l evat i on  
pattern , they a re t ruly omn i d i rect ional . That i s  w i t h  res pect to 
ve rt ical l y  po lar i zed waves . 
Con s i der  two smal l c ro s s ed l oop anten nas ( F i g . 2 - 1 ) . T h e  
l oop's recept ion i s  i ndepen dent  o f  d i rect ion i n  i ts  own p lane . T h e  




C rossed - loop a n d  i t s  rad iat ion patte rn  
F i g . 2 - 1 
Let V1 be the  i n p ut vo l tage 
·
to Dev ice 1 ,  V2 to Dev ice 2 i n  F i g . 
2-2, t h e n  
. 4 
V1 = E cos 9 
V2 = E s i n 9 
T h e  f ie l d strength E as a f u n ct ion of t i me t can be g i ven  by 
E = Eo cos wt 
w h e re Eo i s  the  max imum  mag n i t ude  of t he  f ie ld . 
+ + 
Device 1 






Conceptual  d iag ram of omn i  system 
F i g . 2 - 2  
T h e  outp ut of Dev i ce 1 can be g i ven by 
Vlo = Eo cos wt x cos 9 
' 5 
The in put to Device 2 i s  to be sh i fted 90 degree with respect to E, 
a n d  the output from Dev i ce 2 ca n be give n by 
0 
V2o = Eo cos ( wt + 90 ) X s i n  9 
= - Eo s i n  �t X s i n  e 
I f  we s imp ly  add them toget h e r ,  
V l  0 + V2o = Eo cos Wt X cos 9 - Eo s i n  wt X s i n  e 
a n d  red uces to 
Vs = Vlo + V2o = Eo cos ( wt + 9 ) 
At any val ue of 8, t h e  maxi m u m  amp l i t ude of Vs i s  Eo at some 
i n stant d u r i n g each cyc le . H e n ce, t h e  RMS f i e l d  patte r n  is c i rc u la r  
a s  s hown b y  t h e  c i rc l e  i n  F i g. 2 -3 .  A t  a n y  i n stant o f  t i me the  
patte rn  i s  a f ig u re e ig h t  o f  t he  same s hape as  for a s i n g l e  
i nf i n i tes imal d i pol e .  For examp l e, a n  i n stantan eous  patte r n  ca n be 
s hown i n  F i g . 2 -3 fo r Wt = 45 deg ree . Th i s  patter n  rotates as a 
fu n ct ion  of t ime ,  comp l et i n g  1 revo l u t i on  per  cycl e .  
instantan0ous 
pattern 
(A)t = LJ5° 
RMS pattern 
RMS pattern of cros sed- loop 
F ig . 2-3 
. 6 
The above d i s c u s s ion  . e x p l a i n s  the  p r i n c i p l e  of tru e  omn i-
recept ion  �a n d  s uggests a method to a c h i eve i t . 
. 7 
3. CON VE N T IONAL OMN I 90 DEGRE E HYBR I D  COMB I N E R  
T h e  gen e ral  conf i g u rat ion  of a con ventiona l  omn i recept ion  
system i s  d rawn in  F i g . 3 - 1 . The  c u rrent  f rom each loop anten na  is  
f i l te red, amp l i fied and  fed i nto an LC latt i ce a l l - pas s f i l ter  to  p rodu ce 
a 90 deg ree p hase d i ffe ren ce between them . I n  t h e  n ext  stage, t he  
h yb r id comb i ne r  takes two i n p uts from the  latt i ce netwo rks and  
p roduces outputs  of a sum and  a d i ffe rence of  t h e  two i n pu t  sou rces . 
T h e  in put  voltages f rom Lattice 1 ,  V1 , and Latt i ce 2, V2, a re d riven  




















Con ventional  omn i  reception system 




Now con s ider  t h e  h yb r i d  a lone .  T h e  h y b rid comb i ne r  i s  a 
. s  
device wh i ch takes two i n puts a n d  produces a sum output a n d a 
d ifference output . The bas i c hybrid comb i n e r  con s i sts of tra n sformers 
and res i stors a s  s hown i n  F ig . 3-2. 
To ana lyze the  hyb r id{2}, sup pose the i n put  s i g na l s  a re 
currents , each of w h i ch m u st s ee the  same i m pedan ce of Rs . F i rs t ,  
the s um o utput c i rc u i t can be  g iven by F i g . 3- 2 . I f  the cu r re n ts a re 
both equal to I ,  
2 
VL = R L  X X I 
N 
2 
Vi  = R L  X X I 
N
2 
the refo re, 
V i  2 




R L  
N = 2 X 
Rs 










B a s i c  s u m  hybri d  
F i g. 3-2 
Seco n d l y, i n  F i g . 3 -3, t h e  current i n  one  bra nch prod uces  a 
vo ltage i n  the  other wh ich opposes i t s  part of Vi. T h i s  i s  don e by 
us i n g a tra n sformer and res i stor 1n s er i es w ith  each of the bra nch es 
concern ed. If  11  \0 a n d  12 = 0, i t  is  requ ired t h at no  net current  
f lows i n  the  tra n sformer, the  voltage across  Rd wi l l  be 
R s  
Vd 1 = Rd X 1 1  = X 11 
2 
T h e  po l ar ity of the i nd uced volta g e  i s  reversed i n  bra nch 2 ,  
oppos i n g exact l y  t he  component  of V1 due to 11 . A s im i l ar argument  
may  be  carr ied throu gh for 11 = 0 a nd 12 \ 0 .  T herefore, the 
d i fference vol tage i s  
Rs 




1 : 1 
1 2  0� �------� 1: N 
Rs/2� 
Block i n g c ircu i t  
F i g . 3 -3  
·10 
RL 
I f  t h e  d i fference output i s  des ired, a t h ird wi n d i n g ca n be u s ed for 
i so l at ion  and  a proper impeda nce matc h  to Rd, as s hown i n  F ig.  3 -4.  
T h e  two i nput  ports are i so l a ted by ba l a nced tra n sformers a n d  
res i stors . Th e c ircu it  d i agram of a commerci a l  hybr id  comb i ner ca n b e  
represented by F ig.  3 -4. Each tra n sformer rat io  i s  g i ven by 
N s  = � 2 R L  I R s  
N d  = � 2 Rd I Rs  
(Vl-V 2 )/2 (Vl+V2)/2 
I 1, v 1 o.------ � ------! + 
Nd 
1 :  Ns 
Rs/2 ===> 
Comme rc i a l  h y b r i d  c i rcuit  
F i g . 3 -4 
T h e  vo l tage t ra n sfe r to a s um l oad  i s  
N s  
Vs u m  = X ( V1 + V2 ) 
2 
� 2 R L  I Rs  
= X ( V1  + V2 ) 
2 





Vsum = x ( Vl + V2 ) = 
2 
T h e  d i fference voltage i s  
Nd 
Vd iff = X ( V1 - V2 ) 
2 
� 2 Rd I Rs  
= ------ X ( Vl - V2 ) 
2 
x ( Vl + V2 ) 
T h e  power tra n sfered to a s u m  load  i s  g i ven by 
VL 2 
Ps u m  = 
= 
R L  
{ ( �2 R L  I Rs I 2 ) ( Vl + V2 ) }2 
R L  
( 2 R L I R s ) ( Vl + V2 ) 2 
= -------------------------
4 RL  
·12 . 
( Vl + V2 ) 2. 
2 Rs 
I n  a s im i l a r  argumentr the  power d i s s i pated i n  Rd i s  
\!d c 
Pd iff = ---------
Rd 
( Vl - V2 ) 2 
2 Rs 
·13 
I n  the  crossed-loop-ph ase - s h i fter system , Vl a nd V2 a re i n  p h ase  





4. P ROPOS E D  OMN I SYSTEM 
A )  Proposed System 
Compared to the con vent i on a l  commerci a l  omn i  rece i v i n g  system, 
a more eff ic i ent  system ca n be s u ggested , a n d  its gen era l b l ock  








B loc k  d i agram of propos ed system 
F i g . 4 - 1 
Vc 
I 
T h e  currents from the a nten n a s  f low i nto ba n dpass  f i l te rs , 
fo l lowed by l a tt ice networks . The l a tt i ce networks create· 90 deg ree 
·1 5 
phase  d ifference w ith respect to each other. Each channe l is  
termi n ated separate ly  by a n  equ a l  va l ue of res i sta n ce. Two 
t ra n s i sto rs a re u sed to do t h e  comb i n i ng of output  vol ta g es . T h e  
who le  system i s  des i g n ed to b e  con nected to a n  amp l i f i er . . 
To a n a l yze the system, t h e  t ra n sfo rme r betwee n  t h e  l att i ce 
n etwo rk a n d  load res i stor i s  a s s umed to be i dea l w ith  rat i o  1 : 1 for 
con ven i ence .  T h e  cu rrent f rom each  a n ten na  ca n be rep resented by 
1 1  = I 0 cos Wt X cos 8 
12 = l o  COS Wt X s i n  9 
w h e re lo i s  the  ma x imum mag n i tude of 1 1  a n d  12 . 
After pa s s i ng th roug h the  l att i ce n etworks , 
1 1  ' = I o cos ( �t ¢ ) 
12' = lo cos ( Wt + 90 - ¢ ) 
T h e refo re, t he  output vo ltag e  of eac h  c h a n n el i s  
V1 = 1 1 ' X R 
= I o x R cos ( Wt - ¢ ) 
V2 = 12' X R 
= I 0 X R cos ( Wt + 90 - ¢ ) 
T h e  tota l powe r tra n sfe red to t h e  t ra n s i sto r i s  g i ven by 
Pt = P1 + P2 
V1 2 V2 2 
= + 
R R 
= ( V1 2+ V22 ) I R 
The fin a l  output vo ltage i s  given by 
Vo = Yf ( Vl + V2 ) I Y L 
· 1 6 
w h e re Yf i s  t he  forward t ra n sadm itta n ce of the  FET, a n d  Y L  i s  i n put  
a dmitta nce of t he  fo l l owing ampl i f i e r . 
B) Comparison 
1 ) In the commerc i a l  omni  system, T h e re i s  a power los s i n  the  
d iffe rence resistor . 
Pd = ( V1  - V2 )2/ 2 Rs 
2)  T h e  proposed system t ra n sfe rs  a l l  of the  power to te rm i n ation  
res i stors a t  t he  output . 
3 )  T he l attice n etwo r ks i n  t h e  comme rcia l system are d o u b l y. 
term i n ated , on  the  other  h a n d , th e l att i ce n etworks i n  t he  p ro posed 
system a re singly te rminated . So , t h e  p roposed system is more powe r 
efficient . 
4 )  I n  the  commercia l om ni  system, f i l ters  a re implemented a t  t h e  
i n puts t o  the  ampl i fie rs . Th i s  p ract i ca l  requirement cha nges  t h e  
des ign ph i losophy f rom the  i dea l l oop- cu r rent-ampl i f i e r  combi n atio n  to 
17  
a more conventional fo rm. 
5) The commerc i a l  p rod uct uti l izes a pecu l i a r  des i g n  in w h i c h  a n  
attempt i s  made to reject u n wa n ted s i g na l s  b y  synthes iz i ng  a s e r i es 
i mpeda n ce wh ich  i s  h i g h  outs i de t he  p a s s b a n d  a n d  low i n s ide  it . Two 
sect ion s a re u s ed, one  to reject t h e  AM b roadca s t  ba n d, a n d t h e  
othe r  to rej ect VHF TV sig n a l s . F i l te r i ng  i s  n eeded to p revent 
p reamp d i sto rt ion o r  satu rat i on  by b roadca st s i g n a l s, w h i ch a re 
stro n g  re l at ive  to the des i red H F  ba n d  s ig n a l s. 
6 )  For eq u a l - amp l i tude quad ratu re s i g n a l s, o n l y  1 14 of t he  tota l s i g n a l  
power i s  developed a t  t h e  output  i n  t h e  dou b l y - term i n ated h y b r i d  




Tota l powe r a va i l a b l e  at t he  output  
Tota l powe r ava i l a b l e at the  i n p ut 
{ Vo cos 8 I 2 + Vo cos ( 9 + 90° ) I 2 }21 2 R s  
{ Vo cos 9 + Vo cos ( 8 + 90° ) } 2 I 2 R s  
(Vo cos 9) I 4 R s  1 
(Vo cos 8) I R s  
w h e re Vo cos 9 i s  a n  i n put  vol tage . · 
4 
' .. · �' 
l8 
I n  the singly-te rminated act ive combi n e r  system, all the s ig n a l  powe r 
d eveloped is at the output. This y i eld s a potentia l 6-dB improvement 
in S/N . 
. 19 
5. D EVE LOPME N T  P ROC E S S E S  
A) Descript ion of Small  Loop 
T h e  rad i u s  of the  sma l l  l oop , a ,  i s  · sma l l  compa red to t h e  
wave l engt h  ( i.e . , a <A/ 2 0  i n  p ract i ce ,  a s  s hown i n  F i g . 5A - 1 )  s o  
that  t he  cu rrent  i n  a l l  pa rts of t h e  l oop w i l l  b e  of t h e  same amp l i t ude  
a n d  p h a se a t  a n y  i n sta nt{7} . 
� 2a 
Sma l l  l oop a n te n n a  
F i g . SA-l 
T h e  e lectr i ca l ly ba l a n ced sma l l  l oop a nten n a  i s  eq u iva lent to a 
con sta nt  f i e l d - strength -to-current  con ve rter i n  pa ra l l e l  w ith  a n  
i n ducta n ce .  I n  oth e r  words , a sma l l  loop a nten n a  ca n be treated a s  a 
.:··· . 
20 
current. source in pa ra llel with an i nductance (F ig .  5A-2) . I n  
practice , the typica l va lue of the i nducta n ce is around 2 uH for a 
comme rc i a l  HF un it . The  a nten n a  is g roun ded th roug h  a cente r post 
( i . e . , e lectr i ca l ly- ba l a nced) so t h at it  gives some immunity to 







antenna E�uivalent circuit 
crossed-loop 
0 90 
h or i z on t a l vi e \·: . 
Cross ed - l oop a nten n a  
F i g . 5A-2 
T he c ros sed - loop anten n a  ha s two vertica l s ma l l  circul a r  loops 
mounted on a common center  post. T he l oops ma ke an  a n g le of 90 
d eg ree to eac h  other in the ho r i zonta l p l a n e  ( F ig . 5A-2) . T h i s  
a rra n gement g ives a va riety of uses a nd c h a racte ristics i nc lud i ng{3} 
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1 ) . Rea l i zat ion  of omn i patte r n , i n  con junct ion  w i th a quad ra tu re 
comb i ner. 
2) Sepa rate outputs w i th cos i ne a n d s i ne recept ion  patte r n s. 
3 )  E l ect r i ca l  ba l a nce imp roves s i g n a l - to- no i se  rat io  a nd e n sures a 
good f ig ure of e ight  patte rn.  
4) Sma l l  s i ze ma kes rerad i at i on  a n d  i nte re l ement  cou p l i ng n eg l i g i b l e . 
5)  F l at  f requency response  ove r a w i de  ba n d . 
A p i cture of a comme rc i a l  cros sed - loop a nten n a  i s  a l so  p resented i n  
F i g. SA-3 . 
:···. 
22 
Commercial . cros sed- loop antenna 
F ig. 5A-3 
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B) Combi n i ng loop with Ba ndpass Filter 
I n  any ante n na app l i cat i o n s ,  a f i l te r  takes a very importa�t 
ro l e . The envi ronment i s  fu l l  of e l ect roma g n et i c  waves. and no i se s , 
but on ly  a ce rtai n ba n d  of f req u e n c i es i s  of i nterest . Si nce s u ch i s  
the case, a f i lte r shou ld  b e  u s ed to d i s c r im i nate the des i red 
f requenc i es f rom othe r s i g nal s a n d  to imp rove recept i on a n d  n o i se  
p rob lems . For examp l e ,  s t ro n g  commercial  AM  a n d  FM  b roadcast i n g  
s ig nal s could b e  p rob lems i n  s ome app l i cat ion s .  T o  red u ce s uch 
p rob l ems , var ious  ki nds  of f i l te rs a re developed and ada pted i n  
p ract i ce . 
The f i l te rs  ca n be d iv ided i nto two major categor ies , Chebyshev 
and  B utte rworth . Each type ha s i ts ow n cha racte r i st i cs. A n  
app rop r i ate type shou ld b e  s e l ected accord i ng to the req u i red 
s pec i f i cat ion . Each type ca n then be d ivi ded aga i n by the n atu re of 
its p u rposes, l ow- pa s s, high- p a s s ,  ba n d pa s s  or ba n d - reject f i l te r .  I n  
thi s  paper ,- the Butterworth ba n d pas s f i l ter i s  to be  des ig n ed for HF 
omn i app l i cat ion s .  The s i xth-o rd e r ,  2 to 32 MHz bandpas s ·f i l te r  i s  
des i red for the p roposed system a s  a n  examp l e  of the con s i de rat i o n s 
a nd p rocedures whi ch mu st be  emp l oyed i n  a n y  p ract i cal use . 
There i s  one  more fact to con s id e r  befo re s ta rt i ng  the des i g n  
of f i l te rs . A l l  the p rototype f i l te r s  a re i n  the forms of those shown i n  
F ig . 5B- 1 ,  so- cal l ed Da r l i n gton n etworks{4, 6} . The l eft c i rc u i t i n  
F ig .  5B- 1 i s  s i ngly - termi nated , the r ight one  is  doub ly- te rmi n ated . 
The gene ra l  form of the i r t ran sfer fun ct ion  can be  found i n  {4 , 5, 
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6}. First, singly-terminated f i lters will be d i scussed later i n  thi s  
chapter . Second,  doubly-termin ated filters ca n be equal ly termin ated 
( i . e . , Rs = R L) or u neq u a l l y  te rmi nated ( i . e . ,  Rs = R L) . The power 
i s  d i str i buted to sou rce a n d  l oad res i sto rs i n  dou b l y -te rm i nated 
f i l te rs , on  the othe r  h a n d , a l l the power i s  t ra n sfered to th e load 
res i stor  in  s i ng ly -te rm i n ated f i l te rs . · Th is mea n s  th at  s i n g l y -
termi n ated f i l te rs a re more effi c i e n t  i n  power t r·a n sfer than dou b ly -
termi n ated f i l te rs. It ca n be seen  f rom Tab le  1 that t h e  rat io  
R/ C sh u nt of  a s i n g l y -termi nated f i lte r i s  a lways twi ce a s  large as 
that of the cor respon d i ng dou b l y -te rmi nated fi l te r . Fo r i n sta n ce ,  t he  
thi rd-o rder  Butterworth low- pa s s  p rototype gives t h e  R/Cs h u nt rat io  
1 /0 . 5 = 2 i n  s i n g l y -te rm i n ated f i l te r a nd 1 /1 = 1 i n  dou b l y - te rm i n ated 
case. Si nce C s h u nt is f i x ed by  t h e  l oop a nten n a's i nd u cta n ce ,  t he  
req u i red te rmi n at ion  R wi l l  be twi ce a s  l a rge i n  t he  f i n a l  des ign.  
The l a rger  rat io y i e l d s  the bette r rat i o  of VL/ I s ,  wh i ch means an 
imp rovement of S/ N and powe r eff i c i e n cy. For the p roposed omn i  
system, s ing ly-te rmi n ated f i l te rs w i l l  be  des i g n ed . 
0 
+ + 
V i  Filter Filter RL Vo 
singly-terQinated doubly-terminated 
Termi nat i on types of f i l te rs 
F ig. SB- 1  
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I n  gen eral , a n  LC p rototype low-pa s s  f i l ter ca n be t ra n sfo rmed 
i nto a bandpass fi l ter sat i sfying the requ ired specif i cation of the 
des i g n  by reson at i ng  each p rototype capacitor  w ith a pa ra l l e l  i nductor 
and each p rototype i nd uctor with a s e r i es capaci tor{4} . . The des ign 
p roces s of  a ba ndpa s s  f i l te r  u s u a l ly i n vo lves the fol low i ng steps: 
1 .  Con vert the g i ven  bandpass  f i l ter  req u i rements other 
than bandw idth a n d  load impedance i nto a n o rma l i zed 
p rototype l ow-pass  s peci f i cat i on . 
2. Se l ect a sat i sfactory low - p a s s  p rototype f i lte r. 
3. T ra n sform and  sca l e  the n o rma l i zed p rototype low­




F req uency res pon s e  of ba ndpa s s  f i l te r  
F i g. 5 B -2 
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The general respon s e  shape of a bandpas s  filter is shown in 
F ig. 58-2. The center frequ e n cy is def i ned as 
fo � fu x fl 
whe re fl i s  the lower pas s ba n d  l im it  and fu i s  the  upper pas s ba n d  
l im i t . Usua l l y fl a n d fu have the s ame 3-d B a ttenuat ion. T h ese 
re l at ion shi ps  show geometr i c  s ymmetry;· that i s ,  the ent i re curve 
be low fo i s  the  m i r ror i mage of the curve a bove fo when p lotted o n  a 
l oga r i thm i c  frequency sca l e{5} . 




whe re BW is the pas sba n d  ba n dw i dth ( fu - fl ) . 
To t ra n sfo rm a low-pa s s  p rototype to a band pa s s  f i l ter with 
center freq uency Wo, the norma l i zed i n ducta n ce Ln i n  the. l ow-pas s  
p rototype �networ k  tra n sforms i nto a n  i n d ucta nce L s  in se r i es w i t h  a 
capac i ta n ce Cs , and the norma l i zed capac ita n ce C n  tran sforms i nto a 
capac i ta n ce Cp i n  pa ra l l e l  with an  ind u cta n ce Lp. I f  anot h e r  s ca l i ng .. 
factor of res i stor R i s  con s i d e red together ,  t ransfo rmat i on formul a s  
for s i ngly-te rmi nated f i l ter o r  doub l y -term i n ated f i l te r with eq u a l  
res i sta n ce 
can be given by 
and  
Ls  = ( Ln  x R ) I B W 
· Cs = BW I { Wo x Ln  x R ) 
( B -1 ) 
{ B-2) 
Cp = Cn I ( BW x R ) { B-3) 
Lp = ( BW x R ) I ( Wo x C n  ) (B-4) 
w h e re BW i s  the  ba ndw idth  a n d  Wo = 2 x x fo . · 
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I f  an  u n eq ual dou b ly - te rm i n a ted f i l te r  i s  des i red , an i mpedan ce 
s ca l i ng s hou ld be performed f i rst{5, 6} . 
T h e  p rototype of n o rmal i zed l ow - pass B utte rworth f i l te rs a re 
given  i n  Tab le  1 .  
A nother  fact to con s i d e r  i s  t h a t, i n  the  c i rcu i t  des i g n e r's po i nt 
of v i ew, the  sma l l  loop i s  equ iva l ent  to a cu r rent sou rce. i n  pa ra l l e l  
w i th  a n  i nd ucta nce wh i c h  a f i l ter  des ig n e r  mu st i n c l u de i n  t h e  f i l te r  
component  a s  a vi rtu a l  i n d u cta n ce .  Some va l u es  of t ra n sfo rmed 
i n d u cta n ce- rel ated to term i n at ion  res i sto rs a re g iven i n  Ta b l e  2 .  For  
t he  p roposed system des ig n ,  a va l u e  of 40 ohm res i stor i s  prefe ra b l e  
beca u s e  i t  matches t h e  anten na  i nd u cta n ce of a bout  2 u H . T h e  
p roposed system req u i res that t h e  t ra n sfe r  f u n ct ion  of t h e  f i l te r  be 
V(w )  
H(w)  = 
I (w )  
. Table 1 
l".(<:Jl 
Hl r • J}= --­
/tfcJI 
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•Element values for L. C. and 11. are el!presscd in henrys. farads. and ohms. respectiVe!). 
* source V'l i 11 i a rn s , 
Handbook", 




With the cond it ions given above, 
sw:= 32 - 2 = 30 MHz 
Wo = � 32 x 2 = 8 M Hz 
Q = 8 I 30 = 0 . 266667 
By  us i ng the formulas  ( B - 1 ) t h ro u g h  ( B -4 )  
Lp l = 1 .  99  uH 
Cpl  = 1 99 p F  
Ls = 0 . 282 u H  
Cs = 1 400 p F  
Lp2 = 5 . 97 uH 
Cp2 = 6 .63 u F  
R = 40 ohm 
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T h e  complete c i rcu i t  i s  s hown i n  F i g . 5B-4 . T h e  bandpas s  
f i lte r  wa s tested with  a computer us i n g PCAP . The  c i rcu it i s  d r iven  
by l A  current  sou rce . The  mag n i t u d e  of  output voltage and  p h a se 
res pon se a � re g i ven i n  Table 3. Fo r perfect t ra n sm i s s ion , t h e  output 
should be l A  x 40 ohm = 40 V .  
N ote : T h e  1 A  cu rrent sou rce w i l l  b e  used for con ven ience f rom h e re .. 
on,  a nd it bea rs no relat ion to a ctual a n tenn a  values . 
lA 
Table 2 Te rmi n ation I mped a n ce vs. A.nten na I n d ucta nce 
Res is tor (ohm) 
3 1  
3 4  
3 7  
'4 0  
4 3  
4 6  
4 9  
Ls/2 2Cs 
Inductor (uH) 
1 . 54 
1 . 69 
1.84 
1.9 9  
2.14 
2 .29  
2 . 44 
t------,-----...-� t---r----.-----t 
Lpl Cpl Cp2- Lp2 
Ls/2 
C i rcu it diagram o f  filter  






Table 3 Frequency Respon se o.f the Filte r 
Frequency Output Ang l e  
(MHz) (vo l t age) (degree) 
2 . 0 0 0  2 8. 3 0  1 34. 9 2  
2 . 6 6 6  3 7 . 64 9 0.5 6 
3.3 3 3  3 9 . 5 7  64. 14 
4 . 0 0 0  3 9 . 92  4 7 . 25 
4 . 6 6 7  3 9 . 9 9  35 . 1 2 
5.333  4 0. 0 0  25. 67  
6 . 0 0 0  4 0. 0 1  1 7 . 89 
6 . 6 6 6  4 0.00 1 1. 2 1  
7 . 3 3 3  40. 0 0  5 . 3 1 
8.00 0  40. 0 0  -0. 0 1  
10.6 6 7  39. 9 9  - 1 7 . 9 1 
13 . 3 3 3  3 9 . 9 6 - 3 3 . 0 7 
16 . 0 0 0  3 9 . 87 -4 7 .23 
18 . 66 7  3 9 . 6 0  - 6 1.25 
2 1.33 3  3 8. 9 3  - 75 . 5 9 
24 . 00 0  3 7 . 5 9 - 9 0 . 43 
26 . 6 6 7  3 5 . 3 2  -105. 59  
29. 3 3 3  3 2. 1 4  - 1 20. 5 7  
32 . 0 0 0  2 8. 32  - 1 34. 7 1  
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C) Lattice Networks 
F ilte rs a re usually des i g n ed a n d  u sed to obtain a des i r ed 
ampl itude ve rs u s  f req uency c h a racte r i st i c . B ut for some a ppli cat ion s, 
·on l y  p hase co r rect ion s a re des i red. Al l-pas s  f i lte rs a re u sed fo r such 
purposes . To ach i eve an om n i  recept i on  patte rn,  a 90 deg ree p hase  
s h ift i s  req u i red . The des i g n  p roces s for latt ice n etwo rks i s  exa m i n ed 
in t h i s  s ect ion . A l att i ce n etwo r k  exh i b i ts a flat a m p l i t u d e­
vs . - f requency respo n se but i nt roduces a monoto n i cal l y - dec rea s i n g  
p h a s e  s h i ft vers u s  f reque n cy . 
T h e  t ra n sfe r f unct ion  of a n  a l l- pas s f i lte r{4} i s  g i ve n  i n  
g e n e ral by 
Q( - s  ) 
F ( s) = K 
Q( s ) 
w h e re K i s  a con stant a nd Q i s  a Hurw i tz po lynom i al .  T h e  a bs o lute 
mag n itude of t h e  n umerato r a n d d e n om i n ator of the  t ra n sfe r "fu n ct ion  
m u st remai n t he  s ame at a l l  f reque n c i es . I t  i s  pos s i b le  to  cascade 
latt i ce sect ion s to ach i eve  mo re p h a s e  sh ift a n d  to imp rove p hase  
e r ror .  
W ide- band 90 deg ree p h a se s h i ft n etworks  have the same i n p ut 
a n d  two output po rts . T h e  two oytp u ts ma i n ta i n  a con sta n t  p h a se 
d i ffe rence of 90 deg ree w i th i n  a s mall  e r ro r  over a w ide  ra n g e  of 
f reque n c ies . 




i 90 pha�e difference 
Tp(S ) Rp 
Bloc k d i a gram of latt i ce netwo rks 
F i g . SC - 1  
T h e  gen e ra l  st ructure i s  s hown i n  F i g . SC- 1 a n d  con s i sts  of N 
a n d  P network . Each n etwor k  p rov i des real- ax i s  pole- z e ro pa i rs a nd 
i s  all-pa s s: The t ran sfe r fun ct i o n  i s  of t he  form{5} 
( s - ex 1 ) ( s - Q( 2 ) . . . . ( s - ex. n/2 ) 
T ( s )  - ------------ - --------------------------- - -
( S + ()( 1 ) ( S + CX. 2 ) . . . . ( S + CX. n/2 ) 
where n/2 i s  the  order of t h e  n umerator a n d  denom i n ato r po ly nom i als. 
T h e  total comp lex ity of both n etwo rks  i s  t hen  n ,  a nd th i s  i s  h alf t h e  
total numbe r  of L a n d  C elements  i n  l a tt i ce n etworks. 
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Real-axis all-pa s s  t ra n sfe r  functio n s  ca n be realized usin g a 
ca scade of fi rst-o rder  pa s sive sect ion s . The tra n sfer fun ction s 
tab u l ated i n  Table 4 a p p rox i mate a 90 deg ree phase  d i ffe rence i n  a n  
equ i r i pple ma n n er . T h e  f requ e n c i es g iven i n  Table 4 a re norma l i zed 
so t h at 
� wl x wu = 
A s  the  tota l compl ex i ty n i n c reases , t he  p h ase  e r ro r  dec rea ses fo r a 
f i xed ba ndw i dth rat io, o r  fo r a f i xed p h a se e r ro r ,  t h e  ba n dwidth 
i nc rea ses. 
A freq u e n cy - sca l i ng facto r ( F S F )  i s  dete rm i n ed f rom 
FS F = 2 x 7f x fo 
w h ere fo i s  a cente r  f req u e n cy of t he  speci f i ed ba n d  l im its  ( i . e . fo = 
�fl x fu ) . Fo r denorma l i zat i on ,  t h e  tab u l a ted CX..'s a re m ult i p l i ed by 
the F S F . The res u lt i n g  po l e-ze ro pa i rs a re rea l i zed by ca scad i ng 
f i rst- o rder  pa s s ive sect ion s for each  n etwo rk  ( s hown i n  F i g . 5C-2  ) . 
phase 
frec;uency 
s2ction l s ection p 
tot2l section 
Cascade of l att ice n etwo r ks 
F i g . 5C-2  
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Table 4 Pole-Zero Location s  fo r 90 Degree Lattice Networks 
n �<1> a,. Op 
WttfCI)L = 57.�0 
4 6.0ti0 10.�270 2.0044 
0.4989 0.0968 
6 0.99° 16.1516 4.1648 
1.5873. 0.6�00 
0.2401 0.0619 









1»"/cJJL = 28.65 
4 3.57° 8.5203 1.6157 
0.5387 0.1177 
6 0.44° 1�.1967 3.6059 
1.5077 0.6633 
0.2773 0.0758 









w.fwL = 11.47 
4 1.�1 0 5.93�9 1.5027 
0.5055 0.1280 
6 0.10° 10.4285 3.0425 
1.4180 0.7052 
0.3287 0.0959 




*source Williams, "Electronic Filter 
Design Handbook", Chapter 7. 
� ... . � ··. 
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The form.ulas  for determi ning va lues  of the i.n ductors and capacito rs 
fo r singly- or doubly-terminated lattice n etworks are given by 
1 
c = F ( c - 1 ) 
FSF x CX.x R 
1 
L = H ( ·c - 2 ) 
2 
( FS F X CX.) X c 
w h e re CXis  a pole-zero locat i on  f rom Ta ble 4 .  
To use Ta ble 4 for the  p ro posed des i g n , 
Ba ndwidth rat i o  = 32 I 2 = 1 6  
i s  requi red a n d absolute mag n i tude of acceptable phase e r ro r  is 5 
deg ree . I t  ca n be seen that fourt h - o rd e r  networks  wi l l  g i ve a des i red 
respon se . To acqui re the  requi red app rox imate bandwidth· rat i o, t h e  
g eometr i c  mea n of CX. n and 0(. p o f  t h e  ba ndwidth rat io  28 . 65 a n d  
1 1 . 77 f rom_ Tab l e  4 i s  ta ken , and t h at of n ew rat io a n d 1 1 . 77 a re 
a ga i n used ite rat i ve ly  for bette r a p p ro x i mat ion . The  results a re: 
wu/wL= 1 6 . 1 6  
n = 4 
O£.n = 6 . 7961 and 0 . 5 1 77 
O(p = 1 .  5441 a n d  0. 1 240 
R = 40 ohm 
A res i sto r  of 40 ohm i s  chosen to f it t h e  p reced i n g  ba ndpa s s  f i lte r .  
a n d 
Usin g the formula s C-1 a n d  C-2 with the data given above, 




73. 7 p F  
1 .  54 uH 
96 1 pF 
L3 = 0 . 5 1 5  uH 
C3 = 322 p F  
L4 = 6. 42 uH 
C4 = 4. 01 n F  
R = 40 o h m  
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The complete c i rcu i t ,  s h ow n  i n  F i g . 5C -3 ,  was tested a ga i n  
w ith  PCAP p rog ram w i th  lA cu r r�nt sou rce. T h e  f req uency response  
of the  latt i ce n etwo r ks i s  g i ven i n  Tab l e  5 fo r s ect ion  N and  Table 6 
for sect ion P. T h e  p h a se d i ffe ren ce between sect ion N a n d  s ect i o n  P 
i s  g i ven i n  Ta ble 7 .  Fo r i dea l l att i ce n etworks , the  output s hould be 
1 A x 40ohm = 40 V ,  a n d p hase d iffe rence between cha n nel · N a n d  P 











Circuit d i ag ram of l attice N a n d  P 







Table 5 Frequency Respon se of Lattice Section N 
Frequency Output Angle 
(MHz) (vo l t age) (degree) 
2 . 0 0 0  4 0 . 02  -55 . 80 
2 . 6 6 7  40 . 0 3  -7 1 . 2 2 
3 . 3 3 3  4 0 . 03 · -84 . 74 
4 . 0 0 0  40 . 03 -9 6 . 5 0 
4 . 6 6 7  40 . 03 - 1 0 6 . 7 2 
5 . 3 3 3  4 0 . 02 -1 15.6 3  
6 . 00 0  40 . 02  -123 . 45 
6.6 6 7  40.0 2  - 1 3 0 . 3 7 
7.3 3 3  4 0 . 0 1 -136 . 5 4 
8.0 0 0  4 0 . 0 1 -142 . 0 9 
1 0 . 6 6 7  4 0 . 0 0  -159.84 
1 3 . 3 3 3  39.9 9  -1 7 3 . 1 1  
1 6.0 0 0  39 . 98 1 7 6 . 1 8  
18 . 66 7 39 . 98 1 6 7 . 08 
2 1 . 3 3 3  3 9 .9 8  1 5 9 . 09 
24.0 0 0  39 . 98 1 5 1. 9 2  
2 6 . 6 6 7  39 . 98 145 . 38 
2 9 .3 3 3  39.9 8  1 3 9 . 3 6 
32.0 0 0  39 . 98 13 3 . 7 8 
Table 6 Frequency Respon se of Lattice Section P 
Frequency Output Angle 
( MHz) (volt age) (degree) 
2 . 000  4 0 . 0 0 - 145 . 64 
2 . 667  40 . 0 0 - 16 3 . 56 
3 . 333 3 9 . 9 9 - - 1 7 7 . 06 
4. 000 39 . 9 9 1 7 1 . 98 
4 . 6 6 7  3 9 . 9 9 162 . 62 
5 . 333 3 9 . 9 9 1 54 . 38 
6 . 000  3 9 . 9 9 146 . 98 
6 . 667  3 9 . 9 9 140 . 24 
7 . 333 3 9 . 9 9 1 34 . 04 
8 . 000  3 9 . 9 9 1 28 . 3 0  
10 . 6 6 7  3 9 . 9 9 109 . 03 
13 . 333 3 9 . 9 9  94 . 1 7 
16 . 000 3 9 . 9 9  82 . 47 
18 . 6 6 7  3 9 . 9 9 73 . 1 1 
2 1 . 333 4 0 . 0 0  65 . 5 0 
24 . 000 4 0 . 0 0  5 9 . 2 3 
26 . 667  4 0 . 0 0  54 . 00 
29 . 333 4 0 . 0 0  49 . 57 
32 . 000 4 0 . 0 0  45 . 79  
Table 7 Phase Difference between N· and P Lattices 
Frequency 
(MHz) 
2 . 0 0 
2 . 6 7 
3 . 3 3 
4 . 0 0 
4 . 6 7 
5 . 3 3 
6 . 0 0 
6 . 6 7 
7 . 3 3 
8 . 0 0  
1 0 . 6 7 
1 3 . 3 3  
16 . 0 0  
18 . 6 7  
2 1 . 3 3 
24 . 00 
26 . 6 7 
2 9 . 33  
32 . 0 0  
Phas e Di fference E r ror  
(degre e) from 9 0  degree 
89 . 84 
9 2 . 34 
9 2 . 32 
9 1 . 5 2 
9 0 . 6 6 
89 . 9 9 
89 . 5 7 
89 . 3 9 
89 . 42 
89 . 6 1 
9 1 . 1 3 
9 2 . 7 2 
9 3 . 7 1 
9 3 . 9 7 
9 3 . 5 9  
9 2. 6 9  
9 1 . 38 
89. 7 9  
87 . 9 9 
- 0 . 1 6  
2 . 34 
2 . 32 
1 .  5 2  
0 . 66 
. - 0 . 0 1 
- 0 . 43 
- 0 . 6 1 
- 0 . 58 
- 0 . 39  
1 . 1 3 
2 . 7 2 
3 . 7 1  
3 . 9 7 
3 . 5 9 
2 . 6 9 
1 . 38 
- 0 . 2 1 




D) Initial Concept of Filter and Lattice Network Structure 
T h e  ci rc u i t d i ag ram of t h e  system i n i t i ally p roposed i s  
p resented i n  F i g . 50- 1 .  Both  c h a n n els a re te rm i n ated i n  a 40 ohm 
ioad res i s to r .  Each  ch a n nel con s i sts of a ba ndpa s s  f i lte r a n d  a latt i ce 
n etwork . 
T h e  cu r re nt f rom each  a nten n a  flows i nto a ba ndpa ss  f i l te r ,  
a n d  only des i red f reque n cy s i g n als a re tra n sfe red i nto the  latt i ce 
n etworks . Latt i ce n etwo r ks result i n  a 90 deg ree p h ase  d i ffe ren ce 
w ith  respect to each  oth e r .  I n  t h e  40 ohm te rm i n at ion res i sto r ,  t h e  
two s ig n als a re comb i n ed fo r t h e  ampl i f i e r . 
By followi n g  t h e  s ame p roced u re d i scu s sed i n  p reviou s 
sect io n s, the value  of each  elemen t  ca n be obta i ned a nd a re ta b u lated 
i n  Table 8. 
The  f req u en cy respon s e  of t h e  outp ut vo ltage i s  g i ven  i n  T able 
9 ,  Table 1 0  fo r c h a n n el N a n d  Ta ble 1 1  for cha n n el P .  
Table 8 Value of each ele·ment 
L1 = 1 .  9 9  uH 
C1 = 1 9 9  pF 
L2 = 0 . 283 uH 
C2 = 1 . 40 nF 
L3 = 5 . 9 7  uH 
C3 = 66 . 3  pF . 
Ln 1 = 0 . 1 1 7 uH 
Cn 1 = 7 3 . 2  pF 
Ln2 = 1 . 54 uH 
Cn2 = 9 6 1  pF 
Lp 1 = 0 . 515  uH 
Cp 1 = 322  pF 
Lp2 = 6 . 42 uH 
Cp2 = 4 . 0 1 nF 





Table 9 Frequency Response of l·nitial Design 
Frequency Output Ang l e  
(MHz) ( vo l tage) (degree) 
2 . 000  35 . 0 1 78 . 66 
2 . 667  5 4 . 6 3 - 7 1 . 08 
3 . 333  2 6 . 6 6  -1 16 . 69 
4 . 0 0 0  9 0 . 6 0  - 1 8 . 9 2  
4 . 667  2 9 . 54 - 6 9 . 52 
5 . 3 3 3  3 9 . 9 7 - ·89 . 9 3  
6 . 0 0 0  5 4 . 9 6 -10 6 . 7 5 
6 . 667  7 9 . 8 3  - 1 2 8 . 7 0  
7 . 3 3 3  1 0 9 . 2 0 -164 . 22 
8 . 0 0 0  103 . 6 0 153 . 9 8 
1 0 . 6 6 7  4 0 . 8 2  9 1 . 13  
13 . 3 3 3  2 3 . 0 7  52 . 84 
16 . 0 0 0  1 2 . 9 1 151 . 9 8  
18 . 6 6 7  3 0 . 2 8  1 0 6 . 7 3 
2 1 . 3 3 3  44 . 48 83 . 26  
24 . 0 0 0  7 7 . 84 50 . 56 
2 6 . 6 6 7  9 4 . 04 - 24 . 2 1  
2 9 . 3 3 3  4 7 . 7 8  -69 . 14 
32 . 0 0 0  2 8 . 6 3  - 8 9 . 25 
*;� each channe l is driven by 1A source together 
. . .� ··. 
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Table 1 0  Frequency Respon se of C han nel N 
Frequency Output Ang l e  
(MHz) (vo l t age) (degree) 
2. 0 0 0  2 9 . 35  78. 6 6  
2. 6 6 7  1 2. 9 2  - 7 1 . 08 
3. 333 1 8. 9 7  6 3. 3 1  
4. 000  5 7. 80 - 18. 9 2 
4. 6 6 7  44. 2 2  -69. 5 2  
5. 333  40. 0 3  -·89. 9 3  
6. 0 0 0  4 3. 03  - 10 6. 7 5  
6. 6 6 7  5 1. 3 6  - 128. 7 0  
7 . 333 5 8. 4 3  - 1 64. 2 2  
8. 000  45. 5 6  1 5 3. 98 
10. 6 6 7  0. 7 9  9 1. 13  
1 3. 333  26. 9 0  - 1 2 7 . 16 
1 6. 000  5 6. 04 15 1. 9 8  
18. 6 6 7  4 1. 9 4  106. 7 3  
2 1. 333 3 9 . 83 83. 26  
24. 000 4 9 . 82 5 0. 5 6  
26. 667  4 1 . 82 - 24. 2 1  
29. 333 1 2. 06  - 69. 14 
32. 000 3 6 . 9 2  -89. 25 
�'r-;': al l networks ar e dr iven by 1A at channe l N 
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Table 1 1  Frequen cy Response of Channel p 
Frequency Output Ang l e  
( MHz)  ( vo l tage ) (degree) 
2 . 0 0 0  56 . 65 78 . 66  
2 . 6 6 7  4 1 . 7 1 - 7 1 . 08 
3 . 3 3 3  45 . 6 3 - 1 1 6 . 69 
4 . 0 0 0  48 . 74 1 6 1 . 0 8 
4 . 6 6 7  14 . 68  1 1 0 . 48 
5 . 3 3 3  0 . 05 90 . 0 7 
6 . 0 0 0  1 1 . 94 - 1 06 . 7 5 
6 . 6 6 7  2 8 . 4 7 - 1 28 . 7 0 
7 . 3 3 3  50 . 7 2 - 1 64 . 22 
8 . 000  58 . 0 0 1 53 . 9 8 
1 0 . 6 6 7  40 . 0 3 9 1 . 1 3  
13 . 333  49 . 9 7 52 . 84 
16 . 0 0 0  4 3 . 1 2 - 2 8 . 0 2 
18 . 6 6 7  1 1 . 6 6 - 7 3 . 2 7 
2 3 . 3 3 3  4 . 65 8 3 . 26 
24 . 0 0 0  2 8 . 0 2  50 . 56 
2 6 . 6 6 7  52 . 2 3 - 24 . 2 1 
2 9 . 3 3 3  35 . 7 1  -69 . 14 
32 . 0 0 0  2 8 . 26  - 8 9 . 25 
-;':";,': al l networks ar e dr iven by 1A at channe l  p 
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Table 1 3  Phase Difference between Chan nels 
Frequency Phas e D i f fe rence E r ror 
(MHz) ( degree ) f rom 9 0  degree 
2 . 0 0 0 . 00 -9 0 . 00 
2 . 6 7 0 . 00 -9 0 . 0 0 
3 . 3 3 180 . 00 9 0 . 0 0  
4 . 0 0 180 . 00 9 0 . 0 0 
4 . 6 7 180 . 00 9 0 . 00 
5 . 3 3 180 . 00 9 0 . 0 0  
6 . 0 0 0 . 00 -9 0 . 0 0 
6 . 6 7 0 . 00 -9 0 . 0 0 
7 . 3 3 0 . 00 -9 0 . 00 
8 . 0 0  0 . 00 -9 0 . 00 
. 1 0 . 6 7 0 . 00 -9 0 . 00 
1 3 . 3 3  180 . 00 9 0 . 0 0 
1 6 . 0 0  180 . 00 9 0 . 00 
1 8 . 6 7  180 . 00 9 0 . 0 0 
2 1 . 3 3 0 . 00 -9 0 . 00 
24 . 0 0 0 . 00 -9 0 . 0 0 
2 6 . 6 7 0 . 00 -9 0 . 0 0 
2 9 . 3 3 0 . 00 -9 0 . 0 0 
32 . 0 0  0 . 00 -9 0 . 00 
** phas e d i f f e r ence is  ca lcu lated f rom previous two t ab l e s  
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E) Th i n g s  That D i d n 't Work 
( 1 ) Observed P rob l ems  
a .  The  output voltag e of  the  i n i t ia l l y  p roposed system i s  not 
suff i c i ently f lat .  
b .  The  phase d i ffe ren ce between  c h a n nels a re expected to b e  90 
d eg rees , b ut t h e  test s hows t h at t h e  actual p h a s e  d iffe ren ces a re 0 
a nd 1 80 deg rees . 
c .  T h e  c i rc u it i s  te rm i n ated i n  t h e  same res i stor so t h at i nteract ion s 
a re made th roug h t h e  res i s to r  w h i ch  cau ses te rm i nat ion  i mpedan ce 
va r iat ion s .  
( 2 ) I mp rovements 
a .  T h e  bandpass f i lte r i s  mod i f i ed to a balanced ba n d pass f i lte r ·· 
beca u se its i n put i s  a bala n ced c u rrent  sou rce . 
b .  Both ch a n nels a re te rm i n ated s eparately so t hat t h e re ca n be  no  
va r iat ions  of  te rm i nat ion  i mpeda n ce a n d  i nte ract ion s .  
c .  Two tra n s i sto rs a re added for comb i n i ng the  output  voltages  f rom 
each term i n at ion resi sto r .  
.... - .·:· 
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F )  F i n a l  Des ign 
The test  of  the i n i t i a l  des i g n  s hows that the both c h a n n e l N 
a n d  ch a n ne l  P i n te ract th ro u g h  the  term i n at ion res i sto r (40 o h m ) . 
T h i s  i nte ract ion ca u ses va r i at i o n s  of the  te rm i nat ion  impeda nce a nd 
res u l ts i n  poor res po n se of t he  outp u t  voltage over  2 to 32 M H z  a n d 
d i sto rts des i red 90 deg ree p h a s e  d iffe ren ces . 
To avo id  t h i s  p rob l em ,  eac h  c h a n ne l  i s  te rm i nated sepa rately ,  
a n d  two t ra n s i sto rs a re u sed to comb i ne the  s i g n a l s  f rom each 
res i sto r .  The  i nte ract i on s between the  two c h a n ne l s  a re e l i m i n ated by 
sepa rate te rm i n at ion s a n d  act i ve compon ents . An F ET is recommen ded 
for the tra n s i sto r beca u se of i ts h i g h  i n put  impeda n ce .  T h e  gene ra l  
d i ag ram i s  g i ven i n  F i g . S F - 1 . 
The  system of F i g . S F -2 i s  des i g n ed on ly  fo r rece i v i n g  s i g n a l s  
a n d  s hows a n  e x ce l l e n t  p e rfo rma nce over comme rc i a l om n i - system . 
Some des i g n s  wh i c h  ca n be u sed for both tra n sm itt i n g  a n d  rece i v i ng  
s ig n a l s  a re g i ven i n  t h e  next  s ect ion . 
The  va l ue of eac h  component  i s  g i ven i n  Tab le  1 4 . T h e  f i n a l ·· 
c i rc u i t s hows a f l at  output  vo l tage  i n  t he  ra nge of 28 to 40 V w i th  1 A 
cu r rent sou rce a n d  accepta b l e  90 deg ree phase d i ffe ren ces w i th i n  + 5 
deg ree e r ro r .  T h e  f req u e n cy res pon se  of the c i rc u it i s  ta b u l ated i n  
Tab l e  1 5  fo r ch a n ne l  N ,  T a b l e  1 6  for chan ne l  P a n d  Tab le  1 7  fo r 
p hase  d i ffe ren ces . 
The  comp lete c i rc u it d i ag ram i s  p resented i n  F i g . · 5 F -2 . I n  
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addition, the loading test for the follow ing transistor is presen ted in 
Table 1 8  w ith a 500 oh m resistor, Table 1 9  with a 1 00 pF capacitor 
for N cha n ne l . 
i F i l t e r  
i F i l t e r  
L a t t i c e  
N 
L a t t i c e 
p 
B lock d i ag ram of f i n a l  des i g n 
Fig . 5F - 1  
R F C  
V c  
t c· /l.mp 
1 Jl� 
lA 
L p l C p l 
Lp l C p l 
Table 1 4  Value of each Component 
1p l = 1 . 9 9 uH 
Cp l = 1 9 9  pF 
1s = 0 . 14 1 uH 
Cs  = 2 . 8 0 nF 
1p2 = 5 . 9 7 uH 
Cp2 = 6 6 . 3  pF 
1 1  = 0 . 1 1 7  uH 
C 1  = 7 3 . 1 pF 
12 = 1 . 54 uH 
C 2  = 9 6 1  pF 
13 = 0 . 5 15 uH 
C 3  = 3 2 2  pF 
14 = 6 . 42 uH 
C4 = 4 . 0 1 nF 
R = 4 0  ohm 
c h a nne l N 
L l  L2 
Ls Cs L l  
ch a n n el P 
C ir cuit diagram o f  f inal des ign 
F ig . 5F - 2 .  
L 2  
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+ 
R V l  
+ 
R f V 2  
Table 1 5  F requen cy Respon se of Chan n el N of Final Design 
Frequency 
( MHz) 
2 . 0 0 0  
2 . 6 6 7  
3 . 333  
4 . 0 0 0  
4 . 6 6 7  
5 . 3 3 3  
6 . 0 0 0  
6 . 66 7  
7 . 33 3  
8 . 0 0 0  
1 0 . 6 6 7  
1 3 . 333 
1 6 . 0 0 0  
1 8 . 6 6 7  
2 1 . 333  
24 . 000  
2 6 . 6 6 7  
2 9 . 333 
3 2 . 000  
Output 
(vo ltage) 
28 . 3 1 
3 7 . 6 2 
39 . 5 6 
39 . 9 3 
40 . 0 2 
40 . 04 
40 . 04 
40 . 0 3 
40 . 0 2 
40 . 0 1 
39 . 9 7 
39 . 9 3 
39 . 85 
39 . 6 0 
3 8 . 9 4 
37 . 6 1 
35 . 35 
32 . 15 
28 . 33  
Ang l e  
(degre e) 
7 9 . 08 
1 9 . 33 
- 20 . 5 6 
- 49 . 1 9 
-: 7 1 . 54 
- 8 9 . 9 2 
- 1 05 . 5 4 
- 1 1 9 . 15 
- 1 3 1 . 2 2 
- 142 . 1 0 
- 1 7 7 . 7 3 
1 5 3 . 86 
1 2 9 . 0 0 
1 0 5 . 8 9 
8 3 . 5 5 
6 1 . 5 2 
3 9 . 80 
1 8 . 7 8  
- 0 . 96  
. ...... ... 
53 
. .. �· .. 
54 
Table 1 6  Frequency Respon se of Chan n
.
el P of Final Desi g n  
Frequency Output Ang l e  
(MHz) (vo ltage ) (degree ) 
2 . 000  2 8 . 29 - 1 0 . 7 0  
2 . 6 6 7  3 7 . 64 - 7 2 . 9 6 
3 . 333  3 9 . 5 8 - 1 1 2 . 9 0 
4 . 0 0 0  3 9 . 9 3 - 1 40 . 7 8 
4 . 6 6 7  3 9 . 9 9  - 1 6 2 . 2 6 
5 . 333 4 0 . 0 0  - 1 7 9 . 95 
6 . 0 0 0  4 0 . 00  1 64 . 8 6 
6 . 66 7  4 0 . 00  1 5 1 . 44 
7 . 333  3 9 . 9 9 1 3 9 . 35 
8 . 0 0 0  3 9 . 9 9  1 2 8 . 29 
1 0 . 6 6 7  39 . 9 8 9 1 . 1 3 
1 3 . 333  3 9 . 9 6 6 1 . 1 1 
1 6 . 000  3 9 . 8 8  35 . 24 
1 8 . 6 6 7  3 9 . 6 1 1 1 . 85 
2 1 . 333  3 8 . 94  - 1 0 . 1 0  
24 . 000  3 7 . 5 9 - 3 1 . 2 1 
26 . 6 6 7  35 . 33 - 5 1 . 6 1 
29 . 333 3 2 . 14 - 7 1 . 0 1  
32 . 000  2 8 . 3 2  - 8 8 . 9 3 
Table 1 7  Phase Difference of F i nal Design 
Frequency 
( MHz) 
2 . 00 
2 . 6 7 
3 . 33 
4 . 00 
4 . 6 7 
5 . 3 3 
6 . 00 
6 . 6 7 
7 . 33 
8 . 00 
1 0 . 6 7  
1 3 . 33 
1 6 . 00  
1 8 . 6 7 
2 1 . 33 
24 . 00 
26 . 6 7 
29 . 3 3 
3 2 . 00 
Phas e D i f fe rence E rror 
( degree) from 9 0  degree 
8 9 . 7 8 
9 2 . 2 9  
9 2 . 34 
9 1 . 5 9 
9 0 . 7 2  
9 0 . 03 
8 9 . 60 
8 9 . 4 1 
8 9 . 43 
8 9 . 6 1 
9 1 .  14  
9 2 . 7 5  
9 3 . 7 6  
9 4 . 04 
9 3 . 65 
9 2 . 7 3  
9 1 . 4 1 
8 9 . 7 9 
8 7 . 9 7 
- 0 . 2 2  
2 . 2 9 
2 . 34 
1 . 5 9 
0 . 7 2 
0 . 0 3 
- 0 . 40 
- 0 . 5 9 
- 0 . 5 7 
- 0 . 39  
1 . 14 
2 . 75 
3 . 7 6  
4 . 04 
3 . 65 
2 . 7 3 
1 . 4 1 
- 0 . 2 1 
- 2 . 0 3  
. .  �· ··. 
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Table 18 Load i ng Test of C h annel N with 500 ohm 
Frequency Output Ang l e  
( MHz ) ( vo l t age)  ( d egree)  
2 . 0 0 0  2 8 . 2 3  7 8 . 2 3  
2 . 7 6 9 3 5 . 45 1 1 . 25 
3 . 5 3 9 3 7 . 48 - 28 . 38 
4 . 3 0 7  3 9 . 18  - 5 8 . 1 7 
5 . 0 7 7  3 9 . 9 9  . - 8 2 . 6 9  
5 . 846 3 9 . 8 9 - 1 0 3 . 08 
6 . 6 15 3 9 . 3 1 - 1 20 . 04 
7 . 385 3 8 . 6 0  - 1 34 . 30  
8 . 1 54 3 7 . 9 7 - 146 . 5 3 
8 . 9 23 3 7 . 49 - 15 7 . 25 
9 . 6 9 2  3 7 . 1 8  - 1 6 6 . 86 
1 0 . 462 3 7 . 0 3 - 1 7 5 . 6 6  
1 1 . 2 3 1  3 7 . 0 1 1 7 6 . 13 
12 . 0 00 3 7 . 1 2  1 6 8 . 36 
1 2 . 7 69 3 7 . 3 1  1 6 0 . 89 
13 . 5 38 3 7 . 5 7 1 5 3 . 64 
14 . 3 08 3 7 . 8 8 146 . 54 
15 . 0 7 7  3 8 . 2 1 1 3 9 . 5 2 
15 . 846 3 8 . 5 4 1 3 2 . 5 6 
1 6 . 6 15 3 8 . 84 125 . 6 1 
1 7 . 3 85 3 9 . 0 9 1 1 8 . 6 7 
1 8 . 154 3 9 . 2 8  1 1 1 . 7 2 
18 . 9 23 3 9 . 3 7 1 04 . 7 7 
1 9 . 6 9 2  3 9 . 35 9 7 . 8 1 
20 . 462 3 9 . 2 2 9 0 . 87  
2 1 . 2 3 1  3 8 . 95  8 3 . 9 6  
22 . 000  3 8 . 5 5  7 7 . 1 0 
22 . 7 69 3 8 . 0 2  7 0 . 30 
23 . 538  3 7 . 3 6 6 3 . 60  
24 . 308 3 6 . 6 0  5 7 . 0 1 
25 . 0 7 7  3 5 . 7 4  5 0 . 5 5 
25 . 846 3 4 . 80 44 . 2 3 
26 . 6 15 3 3 . 8 0  3 8 . 05 
2 7 . 3 85 3 2 . 7 5  32 . 03  
2 8 . 154 3 1 . 6 7  2 6 . 1 7 
28 . 923  3 0 . 5 8 2 0 . 46 
29 . 6 9 2  2 9 . 48 14 . 9 0 
30 . 462 2 8 . 3 8  9 . 5 0 
3 1 . 2 3 1  2 7 . 30 4 . 24 
32 . 0 0 0  2 6 . 2 3  - 0 . 8 8 
57 
Table 1 9  Load i ng Test of Channel N with 1 00 pF 
Frequency Output Ang l e  
(MHz) ( vo l t age)  ( degree) 
2 . 0 0 0  28 . 5 8 7 8 . 9 8  
2 . 7 69 3 8 . 63  8 . 2 7 
3 . 5 39 38 . 1 8  -3 3 . 9 1 
4 . 3 0 8  38 . 1 9 - 6 1 . 5 8 
5 . 0 7 7  3 9 . 44 .- 8 3 . 33 
5 . 846 4 1 . 2 8 - 1 0 2 . 5 2 
6 . 6 15 42 . 9 7 - 1 2 0 . 44 
7 . 385  43 . 9 0 - 1 3 7 . 35 
8 . 154  43 . 8 1 - 15 3 . 02  
8 . 9 2 3  4 2 . 8 0  - 1 6 7 . 1 2 
9 . 6 9 2  4 1 . 2 3 - 1 7 9 . 5 1 
1 0 . 4 6 2  3 9 . 46 169 . 7 4 
1 1 . 23 1  3 7 . 75 16 0 . 44 
12 . 0 0 0  3 6 . 25 15 2 . 34 
1 2 . 7 69 3 5 . 02 145 . 20 
13 . 5 38 34 . 08 138 . 80 
14 . 3 0 8  3 3 . 43 132 . 9 7 
15 . 0 7 7  3 3 . 0 7 1 2 7 . 5 6 
15 . 846 3 2 . 9 9 1 2 2 . 42 
16 . 6 15 3 3 . 2 0  1 1 7 . 45 
1 7 . 385  3 3 . 7 0 1 1 2 . 5 2 
18 . 154  34 . 5 1  1 0 7 . 5 2 
18 . 9 2 3  35 . 64 1 02 . 34 
19 . 6 9 2  3 7 . 1 1 9 6 . 8 2 
20 . 462 3 8 . 9 4  9 0 . 8 0 
2 1 . 2 3 1  4 1 . 1 1 8 4 . 1 0 
22 . 0 0 0  4 3 . 5 6 7 6 . 49 
22 . 7 6 9 4 6 . 1 2 6 7 . 75 
23 . 5 3 8  4 8 . 44 5 7 . 7 4 
24 . 3 08 49 . 9 9 4 6 . 48 
25 . 0 7 7  5 0 . 1 8  34 . 3 1 
25 . 846 4 8 . 6 7 2 1 . 8 9 
26 . 6 15  45 . 65 1 0 . 0 1 
2 7 . 385  4 1 . 7 2  - 0 . 7 2  
28 . 1 5 4  3 7 . 5 3 - 1 0 . 0 3 
28 . 9 2 3  3 3 . 5 3 - 1 7 . 9 5 
29 . 6 9 2  2 9 . 9 5 - 24 . 65 
30 . 462  2 6 . 8 3 - 30 . 32 
3 1 . 23 1 24 . 1 6 - 35 . 1 8 
32 . 0 0 0  2 1 . 9 0 - 3 9 . 38 
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G )  S uggest ion s 
T h e  p roposed omn i system i s  des i g n ed o n l y  fo r a rece i ve r .  I n  
add i t ion  to that , · if  a n  omn i - t ra n sm itte r i s  des i red , a pa s s i ve  
rea l i zat ion  of t he  omn i  system i s  a deq uate . · Th i s  s ystem req u i res  a 
dou b ly-term i nated st r u ctu res i n  o rder  to ma i n ta i n  a con s ta nt  
te rm i nat ion impeda nce ove r  a des i red freq uency ba n d  for  the  
t ra n smitte r .  The  power eff i c i e n cy on  rece ive i s  s ac r i f i ced to  sat i sfy 
the req u i rement for t ra n s m i t ,  t hat is two-way ca pab i l i ty . . Some 
mod i f i cat i ons  of the p roposed system a re req u i red for both rece i v i n g 
a n d  tra n sm itt i ng systems . T h e  req u i red mod i f i cat io n s i n vo lve t h e  
fol l ow i n g  steps : 
a .  Se lect a dou b l y  te rm i n ated p rototype l ow- pas s  f i l te r  sat i s fy i n g  t h e  
s pec i f i cat ion s oth er  t h a n  ba n dw i dth  a n d  impeda n ce l eve l . 
b .  Dete rm1 n e the  va l u e of te rm i n at ion  i mpeda nce by con s i d e r i ng  t h e  
i n d u cta nce of a nten na . 
c .  E x pa n d  the  ba n dw i dth of t h e  f i l te r f rom that of o r i g i n a l  o r i g i n a l  .. 
des i red ba ndwidth . Fo r e x a m p l e ,  i f  ba ndwidth  2 to 32 M h z  i s  
req u i red , expand  t h e  ba n dw idth  to 1 . 33 to 48 M H z  s o  that center 
f req uency doesn 't c h a n g e  ( i . e . , fo  =J 1 . 33 x 48 = 8 M H z  ) .  T h e  
reason for th i s  a l te rat ion  i s  t hat  t h e  u nexpanded f i l ter  g i ves  6 - d B  
atten uat ion at the  des i red cor n e r  f req uenc i es beca u se eac h  dou b l y ­
te rm i nated f i lte r p rodu ces  3 - d B atten u ate . By s i mp ly e x pa nd i ng t h e  
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ba ndwidth , 3 - d B  atten u at ion  ca n be obta i n ed . 
d .  T ra n sform low- pa s s  f i l te r  to ba n d pa s s  f i l te r .  
e .  Des i gn  latt i ce netwo rks for t he  same  term i nat ion  i mpeda n ce .  
f .  Con nect them i n  ca scade . 
g .  Add a switc h i n g  dev i ce fo r t he  cha nge of mode ,  rece i v i n g  or  
t ra n smitt i ng . 
The  con ceptu a l  d i ag ra m  of both  a rece iv i n g  a n d a t ra n sm itt i n g  
omn i system i s  p resented i n  F i g . SG - 1 .  S im i l a r  p roces ses may be 
fo l lowed to obta i n  va l u es of the components . 
loo -o  l 
F i lte r  
Vo l o o p  2 
La t t i c e  Latt ice F i l ter 
1 2 R 
n D-- !l e c e i v e r : H i g h Z 
liTiT .l____ . T r c.. n s n n  t t e r  
c t.:. r r e r. t.  s c u r c 2  
Two - wa y  omn i  system 
F i g . 5G - 1  
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6 .  CONC LUS I ON 
T h i s  pa pe r i nt rod u ced t h e  p r i n c i p l e  of t r ue  omn i recept ion  a n d  
e x a m i ned con vent ion a l  system a n d  t h e  p roposed om n i - rece i v i n g 
system . I t  was seen t h at a con vent ion a l  commerci a l  system i s  l es s  
powe r-effi c ient  t h a n  the  p roposed system . T o  i m p rove powe r 
eff i c i ency , the  p roposed system i s  des i g n ed to be s i n g ly te rm i n ated . 
Ba n dpa s s  f i l ters a n d  l att i ce n etwo rks  a re the  ma i n  pa rts of t h e  
s ystem . They a re ca scaded to ach i eve omn i - recept i o n . T h e  gene ra l  
des i g n  p roces ses for f i l te rs a n d  l att i ce networks we re d i s c u s sed ,  a nd 
the i r pa rt i cu l a r  a pp l i cat i o n s  for t he  p roposed system we re e x p l a i n ed .  
A tra n s i sto r comb i n er  was u s ed for comb i n i n g  s i g n a l s  f rom e�ch 
. l att i ce network . The p roposed system s hou l d  then be  fo l l owed by a n  
amp l i f i er  for p ract i ca l  u se .  T h e  p roposed system rea l i zes om n i ­
recept ion -over  the  f req u en cy ra n ge 2 to 32 M H z  w i th i n  5 deg ree 
e r ror  dev i at io n s . I f  des i red , more a ccu rate system ca n be ·des i g n ed 
by u s i ng h i g h e r  deg ree ba n d p a s s  f i lte rs a n d  l att i ce n etwo r ks . T h e  
i mp roved power eff i c i ency a nd s i n g n a l -to- no i se  rat i o  of t h e  p roposed 
system j u st ify i ts  a p p l i cat io n s  to va r io u s  k i nds  of t h e  omn i - reception  
systems . 
There a re ma n y  ways to a c�omp l i s h  t rue  omn i - recept ion , b u t  
t h e  f ie ld  of its  a p p l i cat i on s a re y et to be e x p lored . T h e  a uthor  h opes 
t h at t h i s  pape r cou l d  be h e l pfu l fo r the  resea rch e rs i n  those a reas , 
6 1  
a n d  that more research wou ld be cond u cted . 
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A P P E N D I C E S  
A P P E N D I X  A 
P rog r a m  to C a lc u l ate Re s i sta n ce for A nte n n a I n d ucta n ce . 
1 0  REM THI S  PROGRAM I S  TO F I ND SUITAB LE VALUES 
20 REM OF RES I STORS ACCORD ING TO 
30  REM ANTENNA INDUCTANCE 
40 LET CN = 1 . 5  
5 0  B = 3 0  * 1 0  v 6 
60  F = 8 * 1 0  v 6 
7 0  LET P I = 3 . 1 4 1 5 9 2654  
8 0  PRI NT " RES I STOR I NDUCTOR VALUE " 
9 0  FOR R = 3 1  TO 4 9  STEP 3 
1 00 L = R * B / ( 2 * P I  * F v 2 * CN ) 
120  PRI NT R ,  L 
1 30 NEXT R 
140 END 
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A PPEND I X  B 
P rog ram for F i lter  desig n .  
1 0  REM TH I S  PROGRAM I S  T O  CALCULATE THE VALUE S 
20 REM OF CAPAC ITORS AND I NDUCTORS FOR 
30 REM ' PARALLEL OR SER I E S  C ONVERS I ON 
40 REM FROM LOW - PASS TO B ANDPASS 
5 0  LET R = 40 
60  B = 30  * 1 0  v 6 
7 0  F = 8 * 1 0  v 6 
80 LET P I = 3 . 1 4 1 5 9 2654 
90  INPUT " PARALLEL OR  SER IES  C ONVERS I ON ( PI S )  " ; A  
1 0 0  IF  A = " p "  OR A = " p " GOTO 1 30 
1 1 0 IF  A = " s "  OR A = " s " GOTO 2 0 0  
1 2 0  GOTO 260 
130 PR I NT " PARALLEL CONVERS I ON " 
140 I NPUT " en = " ; CN 
1 5 0  C = CN I ( 2 * P I  * R * B ) 
1 6 0  L = R * B I ( 2 * PI * F v 2 * CN ) 
1 7 0  PRI NT " C = " ; C  
1 8 0  PR I NT " L = " ; L  
1 9 0  GOTO 260 
200 PR I NT " SER I E S  C ONVERS I ON " 
2 1 0  I NPUT " Ln = " ; LN 
220 C = B I ( 2 * PI * F v 2 * LN * R ) 
230  L = R * LN / ( 2 * P I  * B ) 
240 PRI NT " C = " ; C  
2 5 0  PR I NT " L = " ; L  
260  I NPUT " CONTI NUE ( Y/N)  ? " ; A  
2 7 0  -I F  A = " y " OR A = " y" THEN 9 0  
2 8 0  END 
64 
APPEN D I X  C 
Program for Latt ice N etwork Des ign .  
1 0  REM THI S  PROGRAM I S  TO CALCULATE THE VALUE S 
2 0  REM OF CAPAC ITORS AND I NDUCTORS FOR 
3 0  REM 9 0  DEGREE LATTI CE NETWORKS 
40 INPUT " PLEASE , SPEC IFY FREQUENCY IN MHz : " ; A  
5 0  F = A * 8 * 1 0  v 6 
60  LET P I  = 3 . 24 1 5 9 26 5 4  
7 0  LET R = 4 0  
8 0  C = 1 I ( 2 * PI  * F * R ) 
9 0  L = 1 I ( ( 2  * PI  * F ) v 2 * C ) 
1 0 0  PRI NT " C = " ; C  
1 1 0 PRINT " L = " ; L  
1 2 0  I NPUT " DO YOU WANT TO CONT INUE ( YIN) ? " ; A  
1 3 0  IF A = "y"  OR A = " y" THEN 40  
1 4 0  END 
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A P P E N D I X  D 
P rog ram for Test i n g  F i lte r . 
cccccccccccccccccccccccccccccc cccccccccc 
c c 
C S I XTH - ORDER BUTTERWORTH C 
C BALANCED C 
C BANDPASS F I LTER ·C 
c c 
C NORMAL I ZED VALUE : C 
C CN l = 1 .  5 C 
C LN l = LN2 = 2 / 3  C 
C CN2 = 0 .  5 C 
c c 
C BANDWIDTH : 2 TO 3 2  MHZ C 
C LOAD RE S I STOR : 4 0  OHM C 
c c 
cccccccccccccccccccccccccccccccccccccccc 
AC ANALYS I S  
B l  N ( 3 , 2 ) , L=1 . 9 9E - 6 , I = l / 0  
B 2  N ( 3 , 2 ) , C=1 . 9 9E - 1 0 
B 3  N ( 3 , 4 ) , L=1 . 4 1E - 7  
B4 N ( 4 , 5 ) , C=2 . 80E - 9  
B5 N ( O , l ) , L=1 . 4 1E - 7  
B6  N ( l , 2 ) , C=2 . 80E - 9  
B 7  N ( 5 , 0 ) ,  L=5 . 9 7E - 6  
BB  N ( 5 , 0 ) ,  C=6 . 63E - 1 1  
B 9  N ( 5 , 0 ) ,  R=40 
FREQ = 1 6E6 
I* 
- TAB , NV 
EX 
MODI FY 
FREQ=2E6 ( 39 ) 3 2E6 
CANCEL 
PLOT , NV ( 5 )  
EX 
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A P PE N D I X  E 
P rogram for Latti ce Network N .  
cccccccccccccccccccccccccccccccccccccccc 
c c 
C 9 0  DEGREE LATTICE NETWORK C 
C SECT I ON N C 
C ·C 
C LOAD RES I STOR : 4 0  OHM C 
C FU I FL = 1 6 . 16 C 
C POLES & ZEROS : 6 .  7 9 6 1  C 
c 0 . 5 1 7 7  c 
c c 
ccccccccccccccccccccccccccccccccc ccccccc 
AC ANALYS I S  
B 1  N ( 3 , 2 ) , R=9 . 9 9E5 0 ,  I = 1 / 0  
B 2  N ( 3 , 4 ) , L= 1 . 1 7E - 7  
B 3  N ( 1 , 2 .) , L= 1 . 1 7E - 7  
B4 N ( 3 , 1 ) , C=7 . 3 2E - 1 1  
B 5  N ( 4 , 2 ) , C=7 . 32E - 1 1  
B 6  N ( 4 , 5 ) , L= 1 . 54E - 6  
B 7  N ( 0 , 1 ) , L= 1 . 5 4E - 6  
B 8  N ( 4 , 0 ) , C=9 . 6 1E - 1 0 
B 9  N ( 5 , 1 ) , C=9 . 6 1E - 1 0 
B 1 0 N ( S , O ) ,  R=40 
FREQ = 8E6 
TAB , NV 
EX 
- t-10D IFY 
FREQ=2E6 ( 3 9 ) 32E6 
CANCEL 
PLOT , NV ( S )  
EX 
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A P PEN D I X  F 
Program for Latt ice Network P .  
cccccccccccccccccccccccccccccccccccccccc 
c c 
C 9 0  DEGREE LATTI CE NETWORK C 
C SECTI ON P C 
c ·c 
C LOAD RE S I STOR 4 0  OHM C 
C FU I FL = 1 6 . 1 6 C 
C POLES & ZEROS : 1 . 544 1 C 
c 0 .  1 240 c 
c c 
cccccccccccccccccccccccccccccccccccccccc 
AC ANALYS I S  
B 1  N ( 3 , 2 ) , R=9 . 9 9E 5 0 , I = 1 1 0  
B 2  N ( 3 , 4 ) , L=5 . 15E - 7  
B 3  N ( 1 , 2 ) , L=5 . 1 5E - 7  
B4 N ( 3 , 1 ) , C=3 . 2 2E - 1 0 
BS  N ( 4 , 2 ) , C=3 . 2 2E - 1 0  
B6  N ( 4 , 5 ) , L=6 . 4 2E - 6  
B 7  N ( 0 , 1 ) , L=6 . 42E - 6  
B B  N ( 4 , 0 ) , . C=4 . 0 1E - 9 
B9  N ( 5 , 1 ) , C=4 . 0 1E - 9  
B 1 0 N ( S , O ) ,  R=40 
I* 
FREQ = 8E6 
TAB , NV 
EX 
- MOD IFY 
FREQ=2E6 ( 3 9 ) 3 2E6  
CANCEL 
PLOT , NV ( S )  
EX 
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A P P EN D I X G 
P rogram for I n it ial ly des ig ned c i rcuit 
cccccccccccccccccccccccccccccccccc cccccc 
c c 
C I NITIAL DES I GN OF PROPOSED C 
C OMNI RECE I V I NG C IRCU IT C 
c c 
C BANDW IDTH : 2 TO 3 2  MHZ C 
C LOAD RE S I STOR 40  OHM C 
C FU/FL : 1 6 . 1 6  C 
C POLES & ZEROS C 
C SECTION N 6 . 7 9 6 1 C 
c 0 . 5 1. 7 7  c 
C SECTI ON P 1 . 5441  C 
c 0 .  1 24 0  c 
c c 
cccccccccccccccccc cccccccccc cccccccccccc 
AC ANALYS I S  
C BANDPASS F I LTER 
B 1  N ( 3 , 2 ) , L= 1 . 9 9E - 6 ,  I = 1 / 0  
B 2  N ( 3 , 2 ) , C= 1 . 9 9E - 1 0 
B 3 N ( 3 ' 4 )  I L= 2 . 8 3E - 7 
B4 N ( 4 ,  5 ) , C= 1 .  40E - 9  
B S  N ( 5 , 2 ) ,  L=5 . 9 7E - 6  
B 6  N ( 5 , 2 ) ,  C=6 . 6 3E - 1 1  
C LATTI CE SECT I ON N 
B 7  N ( 5 , 6 ) ,  L= 1 . 1 7 E - 7  
B B  N ( 1 , 2 ) ,  L= 1 . 1 7E - 7  
B 9 - N ( 5 , 1 )  , C= 7 . 3 2E - 1 1  
B 1 0 N ( 6 , 2 ) , C=7 . 32E - 1 1  
B 1 1  N ( 6 , 7 ) , L= 1 . 5 4E - 6  
B 12 N ( 0 , 1 ) , L= 1 . 5 4E - 6 
B 1 3 N ( 6 , 0 ) , C=9 . 6 1E - 1 0 
B 14 N ( 7 , 1 ) ,  C=9 . 6 1E - 1 0 
C LOAD RES I STOR 
B 15 . N ( 7 , 0 ) , R=40 
C LATTICE SECT I ON P 
B 1 6 N ( 8 , 0 ) , C=4 . 0 1E - 9  
B 1 7 N ( 7 , 1 3 ) , C=4 . 0 1E - 9  
B 1 8 N ( 8 , 7 ) , L=6 . 42E - 6  
B 1 9 N ( 0 , 1 3 ) , L=6 . 42E - 6  
B 2 0  N ( 9 , 1 3 ) , C=3 . 2 2E - 1 0 
B 2 1  N ( 8 , 1 2 ) , C=3 . 2 2E - 1 0 
B 2 2  N ( 9 , 8 ) , L=5 . 1 5 E - 7  
B 2 3  N ( 1 2 , 1 3 ) , L=5 . 15E - 7  
C BANDPASS F I LTER 
B 24 N ( 9 , 1 2 ) , C=6 . 6 3E - 1 1  
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B 25 N ( 9 ,  1 2 ) , L=5 . 9 7E - 6  
B 2 6  N ( 1 0 , 9 ) , C= l . 4 0E -9  
B 2 7  N ( l l , l O ) , L=2 . 8 3E - 7  
B 2 8  N ( l l , l 2 ) , C= 1 . 9 9E - 1 0 
B29  N ( 1 1 , 1 2 ) , L= l . 9 9E - 6 ,  I=l / 0  
FREQ = 8E6 
/"''' 
TAB , NV 
EX 
MOD IFY 
FREQ=2E 6 ( 3 9 ) 3 2E 6  
CANCEL 




A P P EN D I X H 
P rogram for C h a n ne l  N of F i n a l  Des i g n . 
ccccccccccccc c cccccccccccccccccccccccccccccc 
c c 
C FINAL DE S I GN OF PROPOSED C 
C 9 0  DEGREE COMB I NER C 
C CHANNEL ( I ) C 
c c 
C 6TH - ORDER BUTTERWORTH F I LTER . C 
C A .  BANDWI DTH : 2 TO 3 2  MHZ C 
C B .  TERMI NATION RE S I STOR : 40  OHM C 
C LC LATT I CE SECTION N .  C 
C A .  FU/FL RAT I O : 1 6 . 1 6 C 
C B .  POLE S & ZEROS : 6 .  7 9 6 1 C 
c 0 . 5 1 7 7  c 
c c 
cccccccccccc cccccccccccccccccccccccccccccccc 
AC ANALYS I S  
C BANDPAS S F I LTER 
B 1  N ( 5 , 4) , L=1 . 9 9E - 6 , I = 1 / 0  
B 2  N ( 5 , 4 ) , C= 1 . 9 9E - 1 0  
B3  N ( 5 , 6 ) , L= 1 . 4 1E - 7  
B 4  N ( 6 ,  7 ) , C=2 . BOE - 9  
B5 N ( 2 , 3 ) , L=l . 4 1E - 7  
B6  N ( 3 , 4 ) , C=2 . 8 0E - 9  
B 7  N ( 7 , 2 ) , L=5 . 9 7E - 6  
B8  N ( 7 , 2 ) , C=6 . 6 3E - 1 1  
C LATT I CE SECTI ON P 
B9 - N ( 7 , 8 ) , L=1 . 1 7E - 7  
B 1 0  N ( 1 , 2 ) , L=1 . 1 7E - 7  
B 1 1  N ( 7 , 1 ) , C=7 . 3 2E - 1 1  
B 12 N ( 8 , 2 ) , C=7 . 3 2E - 1 1  
B 1 3  N ( 8 , 9 ) , L= 1 . 5 4E - 6  
B 14 N ( 0 , 1 ) , L= 1 . 5 4E - 6  
B 15 N ( 8 ,  0 ) , C=9 . 6 1E - 1 0 
B 1 6  N ( 9 , 1 )  , C=9 . 6 1E � 1 0  
C LOAD RE S I STOR 
B 1 7  N ( 9 ,  0 )  I R=40 
FREQ = 8E6 
TAB , NV 
EX 
MOD IFY 
FREQ=2 E6 ( 3 9 ) 3 2E 6  
CANCEL 
PLOT , NV ( 9 )  
EX 
7 1 
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